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Abstract: Efficiency in fruit trees is connected with flower quantity and quality. Flower abortions occur largely depending on locations
and years in apricot varieties that are selective in terms of climate requirements. In this study carried out with varieties having a wide
range of chilling requirements in İzmir and Malatya, flower and leaf bud drop rates differed according to varieties and was found low
in Malatya. During the flower bud and bloom period, Tokaloğlu, Precoce de Tyrinthe, and Iğdır varieties did not show anomalies in
Malatya while Precoce de Tyrinthe had a low rate of abnormality in İzmir. Furthermore, it was determined that the flower bud drop rate
decreased depending on the length of the chilling period.
Key words: Abortion, chilling period, flower bud, Prunus armeniaca

1. Introduction
Dormancy is important for fruit species in terms of
productivity. This phenomenon occurs as a result of
hormonal balance. In this case, the exchange of growth
regulators such as auxins, cytokinins, and abscisic acid
is involved (Viti et al., 2010). Dormancy is a complex
process due to the interaction of genotype and environment
(Muradoğlu et al., 2007). Dormancy, which is important
in terms of regular bud development in deciduous fruit
species, is emerging as paradormancy, endodormancy, and
ecodormancy in buds. Chilling accumulation is needed to
overcome endodormancy.
Apricot is a sensitive species in terms of climatological
events. In certain ecologies and years, vast numbers of
flower bud drops and flower anomalies (abortive female
organs and tissue necrosis) emerge when the chilling
requirements of apricot are not met in the Mediterranean
Basin (Stanica et al., 2010). As is known, these factors
significantly affect productivity. In this context, studies
focused on flower biology in relation to yield fluctuations
(Alburquerque et al., 2003; Legave et al., 2006). Additionally,
flower bud drop occurred due to many factors such as
temperature fluctuations (Akçal and Engin, 2007), flower
bud density (Alburquerque et al., 2004), plant nutrition
elements (Bayrak and Engin, 2016), length of shoots,
irrigation regimes (Alburquerque et al., 2003), and frost
damage (Güneş, 2006).
* Correspondence: nihalacarsoy@yahoo.com
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Cultivation in economic terms is possible to the
break of dormancy in flower buds (Viti et al., 2010). The
traditional method is preferred for the determination of
this period. In order to estimate the end of dormancy,
biological techniques are used. According to, this process
is defined as 25%–30% fresh weight increase and the
phenological transition (≥30%) from stage A (dormant
bud) to B and C (pink sepal clearly visible) in flower buds
under forcing and nonforcing conditions (Andreini et al.,
2014). A rate of blooming of more than 50% is taken into
consideration (Guerriero et al., 2006; Campoy et al., 2011).
There is a wide range of chilling requirements in
apricot varieties (Campoy et al., 2012). It is important to
determine suitable cultivars for ecology because of limiting
climatic conditions, particularly chilling requirements
(Hedhly, 2011). In cold ecology, frost damage can be
seen due to early flowering in varieties with low chilling
requirements. Environmental differences depending on
location and years are effective in meeting the chilling
requirements (Ruiz et al., 2007). For this reason, it is
necessary to evaluate studies in different ecologies in
relation to the productivity for each genotype. For the
determination of chilling requirements, different models
(Utah, dynamic, Bidabe model, etc.) have been developed
but the traditional model (the hours below 7 °C) is widely
used.
Apricot is largely consumed as table apricot in the
world. In this regard, the Precoce de Tyrinthe, Tokaloğlu,
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and Iğdır varieties in İzmir Province and Hacıhaliloğlu
and Kabaaşı dried varieties in Malatya Province are in
demand for domestic and foreign markets. Yield loss
receives attention, especially in warm winters in İzmir.
Taking this into consideration, in the current study, it is
aimed to determine the effect of different conditions on
overcoming dormancy in some apricot cultivars in terms
of flower bud drops, flower anomalies, and chilling period
in two ecologies.
2. Materials and methods
This study was carried out on mature apricot trees grafted
onto apricot seeding rootstock in the Ege University Faculty
of Agriculture, Department of Horticulture, in İzmir
(altitude 26 m; 38°27′N, 27°13′E; Mediterranean climate)
and the Apricot Research Institute in Malatya (altitude
999 m; 38°19′N, 38°17′E; continental climate) in different
chilling period ecologies during the years 2009–2011. In
a climate chamber, the other experiment was conducted
to determine the chilling requirement of the varieties in
4-year-old potted plants.
Chilling requirements of apricot varieties (Precoce
de Tyrinthe, Tokaloğlu (İzmir), Iğdır, Kabaaşı, and
Hacıhaliloğlu) varied from low to medium and high,
respectively. The first three varieties are used as table
apricots and the others are dried. These are native varieties
except Precoce de Tyrinthe. The same varieties were used
at both locations.
2.1. Field conditions
To determine flower and leaf bud drops, total buds on
10 branches for each tree with a length of 60–80 cm
were counted. Later the number of dropped buds was
recorded, in December and at blooming time. Bud drops
were expressed as percentage (Viti and Monteleone,
1995). Flower anomalies such as necrosis, browning, and
abortive female organ formation were observed under a
stereomicroscope in 30 flower buds and flowers for each
tree (Legave et al., 2006).
The chilling requirement of varieties was calculated
according to traditional methods (the total number of hours
below 7.2 °C). For this purpose, daily temperatures were
obtained from a state meteorological station. Temperatures
were transformed into chill units (CU) according to
Richardson’s model. The data were recorded from autumn
(leaf drop) to spring (end of dormancy). To determine the
breaking of dormancy the transition of the flower buds
from bud stage A to B and over 30% of dry weight increase
are taken into consideration. In the detection of these
parameters, the method of Viti et al. (2003) was modified.
Dry weights of 100 buds were detected for each month.
The weight increase rate for each period was calculated
considering the first period. Dry weight increase was only
evaluated in İzmir because cold accumulation was met

in Malatya. The other parameters were determined for 2
years in both ecologies in experimental orchards.
2.2. Controlled conditions
Chilling period was determined according to the chilling
requirement of the varieties. For this reason, after the fall
of the leaves, potted plants were kept in a climate chamber
(4–6 °C, 12 h of light and dark, 60% relative humidity)
for different periods of 600–800–960–1200–1400 h for
Hacıhaliloğlu, Kabaaşı, and Iğdır; 600–800–960 h for
Tokaloğlu; and 300–400–600 h for Precoce de Tyrinthe.
In addition, a control group of potted plants was kept in
the external conditions. Three plants were used for each
application between 2009 and 2011. The plants were taken
to external conditions after a specific chilling period
under forcing conditions. Thus, in controlled conditions,
the chilling requirement was determined by taking into
consideration flower bud drop.
2.3. Statistical analysis
The data of the investigated characteristics are given by
taking the average of years in the field and controlled
conditions. The experiment was designed with randomized
plots as three replicates. Data analysis was performed
using SPSS 11.0 for Windows (SPSS Inc., Chicago, IL,
USA). Differences between the averages were determined
by LSD test.
3. Results and discussion
3.1. Flower and leaf bud drop
The rate of flower and leaf bud drop was observed with
signiﬁcant (P < 0.05) differences according to the varieties
and locations (Figures 1–3). In both ecologies, the
Hacıhaliloğlu, Kabaaşı, and Precoce de Tyrinthe varieties
were found to be higher while Iğdır was lower in terms of
bud drop rate, except for Tokaloğlu. These values in İzmir
(76.48% and 54.04%) were higher than those in Malatya
(25.78% and 22.06%).
Differences between varieties (Muradoğlu et al., 2007)
and ecologies (Alburquerque et al., 2003) regarding flower
bud drop rate have been reported by other researchers.
Chilling period is low in İzmir but high in Malatya.
Accordingly, the chilling requirement of Precoce de
Tyrinthe and Hacıhaliloğlu is met in both ecologies,
respectively, while a large proportion of bud drop was found
in that ecology. Thus, there was no correlation between
ﬂower bud drop and chill requirement. Large yields are
obtained in Malatya. This situation is caused by ﬂower bud
density, May flower, and fruit set. On the other hand, it was
observed that the bud drop rate of the Iğdır variety was
low in both ecologies. Similarly, in the Guillermo apricot
variety grown in cold and warm ecologies, attention is
drawn to the influence of genetic factors in bud drop to a
large extent (Alburquerque et al., 2003).
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Figure 1. Average flower bud drop rate in İzmir (a) and Malatya
(b) ecologies (%) for Iğdır, Tokaloğlu, Precoce de Tyrinthe,
Kabaaşı, and Hacıhalioğlu.

Flower buds are the most sensitive organs to frost
damage. As well as not meeting the chilling requirements,
anomalies such as the browning of pistils as a result of frost
also lead to flower bud drop. This situation varies according
to the hereditary characteristics of the varieties and
environmental conditions. In this regard, it is important to
repeat the year (Szalay et al., 2016). In our work, the flower
bud drop rate was higher in 2010 than the other years
because of frost damage in Malatya. Hacıhaliloğlu ranked
first in this respect. These results are in concordance with
those reported for other studies (Rodrigo and Herrero,
2002; Gunes, 2006; Erdem et al., 2016).
In İzmir it was determined that a great number of
buds were dropped in the Hacıhaliloğlu, Kabaaşı, and
Tokaloğlu varieties when cold requirements were not
satisfied. Confirming this, temperature fluctuations in
the dormancy period were related to flower bud drop in
Hacıhaliloğlu (49.55%–80.94%) and Kabaaşı (32.31%–
60.82%) in southern Marmara (Akçal and Engin, 2007),
and also in 101 apricot genotypes (70%) in Italy (Bassi et
al., 1995).

Figure 2. Average leaf buds drop rate in İzmir (a) and Malatya (b)
ecologies (%) for Iğdır, Tokaloğlu, Precoce de Tyrinthe, Kabaaşı,
and Hacıhalioğlu.

3.2. Flower anomalies
Considering the necrosis and browning in the flower
organs and abnormal formation of female organs (Figure
4), the highest rate was observed in Hacıhaliloğlu
(44.67%) while the lowest rate appeared in Precoce de
Tyrinthe (9.67%) (Table 1). In the same ecology, Legave
et al. (2006) reported that there was variation among
apricot varieties for this phenomenon. This agrees with
our results.
In general, floral anomalies percentage in İzmir
(47.33%) was higher than that in Malatya (10.00%).
Average chilling requirement was calculated as 670 h in
İzmir while it was 2600 h in Malatya. Due to the high
chilling requirement of all varieties except Precoce de
Tyrinthe, anomalies percentage was high when plants
were cultivated in a warm ecology (Stanica et al., 2010). By
other investigators, it was demonstrated that anomalies
percentage is influenced by genetic (Meyer, 1966) and
climatic conditions (Rodrigo and Herrero, 2002).
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3.3. Chilling periods under controlled conditions
In all varieties, when the duration of the chilling period
was prolonged, it was determined that flower bud drop
rate decreased and flowering rate increased (Figure 5). In
the Hacıhaliloğlu variety, accumulation of chill units was
found as 960 h, but there was no significant difference
between 960 h and 1200 h in terms of these parameters.
Additionally, it was found to be 960–1400 h in Iğdır. The
chilling period was recorded as 800–1400 h for Kabaaşı,
800–960 h for Tokaloğlu, and 400–600 h for Precoce de
Tyrinthe. At this stage, blooming rates above 50% were
determined. It was reported that flower bud drop rates are
high in low chilling periods (Stanica et al., 2010) and there
is a high correlation between the blooming and chilling
requirements (Campoy et al., 2012).
3.4. Increase of flower bud weight
Under orchard conditions, in the early-blooming Precoce
de Tyrinthe variety, a weight increase of more than 30% was
determined when 348 h and 491 CU were accumulated in
January (Tables 2 and 3). A similar situation was identified
by Audergon et al. (1999). Nevertheless, the other lateblooming varieties showed a more delayed response.

Figure 3. Bud burst and flower bud drop.

Table 1. Average flower anomaly rate (%).

Location

Varieties

Avg. loc.

Iğdır

Tokaloğlu

P. de Tyrinthe

Kabaaşı

Hacıhaliloğlu

İzmir

74.00

40.67

13.00

54.00

55.00

47.33

Malatya

0.67

0.67

6.33

8.00

34.33

10.00

Avg. var.

37.34

20.67

9.67

31.00

44.67

LSD location **: 11.581

LSD variety **: 22.426.

Figure 4. Flower bud anomaly.
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Figure 5. Flower bud drop rates under controlled conditions (%).
Table 2. Increase of average flower bud dry weight rate in the orchard (g/100 buds).
Varieties

Months
October

November

December

January

February

Iğdır

0.32

0.37

0.43

0.54

0.61

Tokaloğlu

0.24

0.28

0.34

0.41

0.50

P. de Tyrinthe

0.25

0.27

0.34

0.46

0.56

Kabaaşı

0.29

0.31

0.36

0.41

0.47

Hacıhaliloğlu

0.27

0.31

0.34

0.40

0.48
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Table 3. Average chilling period.
İzmir

Malatya

Months

Traditional method
(hours)

Chilling units
(units)

Traditional method
(hours)

Chilling units
(units)

November

-

-

258

458.5

December

107

140

692.5

430

January

240.5

350.5

712.5

390.5

February

183

264.5

572

519

March

133

219

363.5

532

Total

663.5

974

2598.5

2174

Weight increase of buds could not be recorded from the fall
of the leaves to the bud swell period (664 h, 974 CU) at the
last sampling. Indeed, more chilling time was necessary to
reach a 30% weight increase for those varieties. Our results
are parallel to findings obtained from different apricot
varieties by Guerriero et al. (2006).
3.5. The chilling period in İzmir and Malatya locations
Calculation of cold accumulation began earlier in Malatya
than İzmir. This period was observed in December–March
in İzmir and November–March in Malatya. In this context,
a chilling period of 663.5 h was calculated in İzmir and of
2598.5 h in Malatya (Table 3). The most effective period
was determined to be January. These values were high
in Malatya. Monthly variations of chilling period were
revealed in other studies (Alburquerque et al., 2004).
The Precoce de Tyrinthe variety was observed to bloom
earlier in İzmir than in Malatya (Acarsoy Bilgin and Mısırlı,
2016). In both years, varieties with partially met chilling
requirements flowered with the rise of temperature in
March. However, the bloom was weak because the chilling
requirements were not satisfied. Chilling requirements
and the effect of climate on blooming dates in each variety
were stated in other studies on this subject (Viti et al.,
2010).
3.6. Conclusions
Genotype differences for investigated properties have been
observed among apricot cultivars. Bud drop rates of the
Hacıhaliloğlu and Kabaaşı varieties in Malatya and the
Precoce de Tyrinthe variety in İzmir were detected high
although the chilling requirement was met. Nevertheless,
the rates in the Iğdır variety were low in both ecologies.
In Malatya, flower anomalies were found to be high in

Hacıhaliloğlu, but in İzmir, in other varieties except
for Precoce de Tyrinthe and Tokaloğlu they were low. A
high level of flower bud drop and anomaly was recorded
under orchard conditions in İzmir. This situation could
be caused by both genetic differences and warm weather
conditions in the winter period and not meeting the
chilling requirements. Low productivity arises due to poor
adaptation to climatic conditions.
In this study, chilling period was determined under
controlled conditions. In the current study conducted
under controlled and field conditions, as a result of the
general evaluation taking into consideration flower bud
drop (Figure 1), bud dry weight increase (Table 2), and
the chilling period of locations (Table 3), it is thought
that the Precoce de Tyrinthe variety is suitable but the
Hacıhaliloğlu and Kabaaşı varieties are not suitable for
İzmir. On the other hand, at this location, the Iğdır and
Tokaloğlu varieties, which are more productive in colder
years, have some problems related to growing. The chilling
period of these varieties was found to be high in controlled
conditions (≥800 h). In this context, it is thought that these
table varieties, which do not require high temperatures to
ripen the fruits, can be grown at relatively high altitudes.
It is important that these kinds of studies be interpreted
by taking into account the drop and weight increase of
buds and flower anomalies in both controlled and orchard
conditions.
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